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GLOSSARY OF TERMS

ADAM - Advanced Driver Attention Metrics — A joint initiative between DaimlerChrysler and
BMW to gain a better understanding of the attentional demands of in-vehicle technologies and
activities.

ADD - Destination entry by address — In-vehicle task performed using navigation systems, in
which the user enters city, street name, and street number to obtain directions to a specified
address.

AMD - Absolute Mean Deviation — Measure of auditory tracking error in the Enhanced
Occlusion Paradigm. Higher values indicate poorer tracking performance.

ANOVA - Analysis of Variance
BAS - Baseline driving — Driving with no secondary tasks

CAMP - Collision Avoidance Metrics Partnership — Consortium of automobile manufacturers,
including Ford and General Motors, formed in 1995 to facilitate cooperative pre-competitive
industry/government research designed to accelerate the implementation of crash avoidance
countermeasures.

CC - Cross-correlation — Computational approach used to develop alternate measures of car-
following performance that correspond to coherence and phase shift, which are computed using
frequency analyses.

Cir — Circles task — Reference/calibration task, developed as part of the HASTE program. This
visual-manual search task requires participants to find a single (larger) target circle among a
display of smaller targets. This task allows systematic increase of processing load by varying the
relative sizes of the target and distractor circles.

COG - Cognitive — Secondary task with no visual or manual components. N-back is a cognitive
secondary task used in the present work.

Cognitive distraction — Distraction occurs when the driver’s attention is temporarily diverted
away from the driving task while performing a secondary task. Cognitive distraction refers to
the diversion of attention resulting from mental workload associated with tasks that involve
thinking or memory.

Coherence (Cohere (Freq) or Cohere (CC)) — Coherence is a measure of car-following
performance. Cohere (Freq) refers to the traditional use of frequency analysis to compute
coherence. Cohere (CC) refers to the alternate use of cross-correlation to compute a comparable
measure of car-following performance.

DT - Detection task — Generic reference to a target detection task used to assess driver

workload, including the Peripheral Detection Task (PDT) and newer alternatives, including the
Head-mounted detection task (HDT) and the Multiple target detection task (MDT).

Vi



DT MRT - Detection task mean response time — Detection task performance metric.

DT P Corr — Detection task mean proportion of correct responses — Detection task performance
metric.

DWM - Driver Workload Metrics - The CAMP Driver Workload Metrics Project (2001-2005)
brought together Ford, General Motors, Nissan and Toyota with the U.S. Department of
Transportation to develop performance metrics and test procedures to evaluate the visual and
cognitive aspects of driver workload from in-vehicle systems.

ENT - Enter button of navigation system

EORT - Eyes off road time — A measure of the total amount of time that the driver’s eyes are
diverted away from the forward roadway view, typically used to estimate the total amount of
time required to complete a secondary task (i.e., task duration). EORT can be obtained either
directly from eye glance data recorded during driving or from the sum of the shutter open
intervals in the occlusion paradigm.

EOT - Enhanced Occlusion Task — combines traditional occlusion with an auditory tracking
task to improve the validity of the obtained metrics by providing a task load more consistent with
driving than occlusion alone.

FaceLAB — Eye tracking system developed by Seeing Machines, which uses unobtrusive
cameras to record and compute the position of the driver’s head and eye gaze.

GPS - Global Positioning System — Portable navigation systems are referred to as GPS devices.
HASTE - Human machine interface And the Safety of Traffic in Europe — Eight European
partners and Transport Canada conducted this project, which was intended to develop
methodologies and guidelines for the assessment of In-Vehicle Information Systems (IV1S).
HDT - Head-mounted Detection Task- variation of Peripheral Detection Task in which a single
target is affixed to the head. This task keeps the position of the target constant relative to the
driver’s eye position.

Hdwy — Headway — distance between lead and following vehicle in car-following

ISO - International Standards Organization

IVIS - In-Vehicle Information Systems — Navigation systems are examples of IVIS.

LCD - Liquid Crystal Display

LED - Light-Emitting Diode

LS — List Search — Navigation system task, in which drivers search a list of destinations selected
by the system.
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LV — Lead vehicle in a car-following task. Drivers are instructed to maintain a constant
following distance.

MDT - Multiple target Detection Task — Alternative to the Peripheral Detection Task (PDT) in
which targets are presented in the simulated roadway display at different locations.

MicroDAS — Data acquisition system developed by researchers at NHTSA’s Vehicle Research
and Test Center (VRTC).

MRT - Mean Response Time — Detection task performance measure.
NAYV - Navigation System — Both OEM and portable GPS devices are navigation systems.

N-back — Artificial secondary task, in which participants are required to listen to and recall a
stream of digits. N refers to the position in the stream that the participant is required to recall.
As N increases, the demands of the task increase, i.e., 2-back is more demanding than 1-back.

NHTSA - National Highway Traffic Safety Administration

Occlusion — An experimental technique in which tasks are intermittently masked, typically using
occlusion goggles, which alternate between transparent and opaque states. The masked intervals
are intended to simulate the real-world requirement of looking away from the secondary task to
monitor driving conditions.

OEM - Original Equipment Manufacturer — A factory-installed navigation system is referred to
as an OEM system.

P Corr — Proportion of correct responses — Target detection performance measure.

PC-based — Personal computer-based — Both the driving simulator and the occlusion tasks used
in the present work were implemented on PCs.

PD - Previous Destination — Secondary task performed using a navigation system in which the
participant must locate and select a destination that has previously been entered in the system’s
memory.

PDT - Peripheral Detection Task — Simple target detection task, typically performed together
with driving tasks to assess driver workload. Traditional implementation involves periodic
illumination of one of several LEDs, which is reflected from vehicle windshield. Drivers must
respond as quickly as possible to the onset of LEDs by pressing a button attached to their finger.

PLATO - Portable Liquid Crystal Apparatus for Tachistoscopic Occlusion — Technology
implemented via goggles used in the occlusion protocol. PLATO goggles allow for periodic
interruption of the participant’s vision to simulate the visual demands of a driving situation in
which the driver’s visual attention is switched between the road ahead and a secondary task
inside the vehicle.
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P RAP — Percentage of time inside region of acceptable performance — Measure of auditory
tracking performance from the Enhanced Occlusion Task paradigm.

PRC - Percent Road Center — A metric derived from eye position data recorded by an eye
tracker that represents the percentage of time during a driving trial that a driver is attending to
the forward roadway. Higher PRC values indicate more attention to the roadway ahead, while
lower PRC values indicate diversion of visual attention away from the roadway ahead, most
often due to a secondary task competing for the driver’s visual attention.

R — Resumability metric — An attribute of a secondary task, which is computed from measures
obtained in the occlusion protocol. It represents the relative ease with which a particular task can
be completed under conditions of interrupted performance, as in performing the task while
driving.

RAP — Region of Acceptable Performance — In the Enhanced Occlusion Task protocol, this
metric characterizes auditory tracking performance. It refers to a predefined region on either
side of the target signal, such that tracking performance is considered to be error-free while the
participant maintains the cursor within this region.

RSME - Rating Scale Mental Effort — A single scale used to record participants’ subjective
assessment of the mental workload or effort associated with a given task condition. It is used to
assess subjective workload both in driving simulator and occlusion experiments.

RT - Response Time — Measure of detection task performance.
SAS - Statistical Analysis Software — Commercial product, widely used for data analysis.

SDLP - Standard deviation of lane position — Driving performance metric that characterizes the
lateral movement of the vehicle. Larger values of SDLP have been interpreted as evidence of
inattention to steering control, typically associated with secondary tasks that require removal of
drivers’ hands from the steering wheel.

SRD - System Response Delay — IVIS systems, particularly those that require satellite
communication, are subject to delays between the time a user makes an input and when the
system responds. These delays, if significant, can influence the task duration estimates obtained
with occlusion protocols.

Std - Standard Deviation — A summary measure that characterizes the amount of variation in a
particular sample of data.

Std Hdwy - Standard deviation of headway — This metric characterizes the amount of variation
inherent in a sample of headway data obtained from a single driving trial. Drivers are instructed
to maintain a constant following distance (headway), therefore larger values of Std Hdwy
typically reflect increased inattention to the car-following task.

STI1 - Systems Technology Incorporated — developer of the STISM-Drive Simulator.



STISIM - Systems Technology Incorporated Driving Simulator — PC-based simulator also
referred to as STISIM-Drive.

SV - Subject Vehicle — Simulated vehicle controlled by experimental participant while
performing secondary task.

TNO — Netherlands Organization for Applied Scientific Research — cited in this work for
developing the HDT.

TRC Inc. — Transportation Research Center Inc. — Organization that performed current research
under contract to NHTSA.

TSOT - Total Shutter Open Time — Metric derived from the occlusion paradigm, which
estimates the total time required to complete a task based on the total duration of all intervals in
which the task was visible to the driver.

TTT - Total Task Time — Metric derived as part of occlusion protocol that characterizes the total
amount of time required to complete a task. It is measured in a static situation, involving
continuous, uninterrupted performance.

UNOCC - Unoccluded — Refers to the time in the occlusion protocol in which the vision is not
occluded. Total Shutter Open Time (TSOT) is the sum of all unoccluded intervals.

UTC - Coordinated Universal Time

VRTC - NHTSA'’s Vehicle Research and Test Center, located in East Liberty Ohio.



EXECUTIVE SUMMARY

The measurement of distraction has been the focus of several large-scale projects undertaken by
consortia of researchers, government agencies, and automotive manufacturers in recent years.
This work has been directed at the need to evaluate pre-production versions of in-vehicle
systems, sometimes referred to as in-vehicle information systems (IVIS). Recently, researchers
at the National Highway Traffic Safety Administration’s (NHTSA) Vehicle Research and Test
Center (VRTC) undertook a study to assess the feasibility of adapting protocols and measures to
assess distraction associated with driver interaction with in-vehicle systems that are already
available in production vehicles. Based on an evaluation of the most promising distraction
metrics, a prototype test was developed, which included the combination of car following and
peripheral target detection. The test was implemented on the STISIM, which is a low-fidelity
(PC-based) driving simulator. Target detection was implemented using the Peripheral Detection
Task (PDT), which requires rapid responses to simple and frequently-occurring targets that
appear in the driver’s peripheral visual field. The metrics selected for further development
included measures of driving performance (car-following delay, lane-position variability, and
steering error) and visual target-detection performance (mean response time, proportion correctly
detected). As part of this previous work, three issues were identified that required additional
development. The first issue concerned the need for additional sensitivity for detecting
performance degradation due to cognitive distraction, which refers to the diversion of the
driver’s attention away from driving as the result of mental activities, such as thinking,
remembering, or evaluating options. The second issue concerned the need to develop a method
to obtain steering inputs from production vehicles with minimal setup time and without damage
to the vehicle. The third issue concerned the need for improving the quality of the eye position
data to support the computation of eye-glance metrics. The first objective of the present work
was to develop and evaluate solutions to these methodological problems.

The second objective of the present work was to determine whether the occlusion technique, and
in particular an enhanced version of this technique, provided information that could help in the
assessment of the distraction effects of in-vehicle secondary tasks. The occlusion technique
involves periodic interruption of vision (via occlusion goggles) during the performance of a
secondary task (e.g., navigation system destination entry); it provides an estimate of the time that
the driver must look away from the roadway to perform a particular secondary task. Data from
occlusion trials are also used to compute indices of task resumability (R), which indicate how
amenable a task is to completion under conditions of interruption, as in driving. The Enhanced
Occlusion Technique (EOT) combines the traditional occlusion technique with a computer-
generated auditory tracking task. It was developed to improve the validity of task completion
time estimates.

The third objective of the present work was to incorporate improvements to the test protocol and
use the revised protocol to assess the distraction potential of multiple systems, including an
original equipment manufacturer (OEM)-installed navigation system and portable devices with
comparable functionality. The objectives were addressed in three experiments.

This research was conducted in 2009. All three experiments were conducted in stationary
vehicles, which were not running. For experiments 1 and 3, the vehicles were equipped with
steering, brake, and throttle sensors to provide control inputs to the driving simulator. Drivers
performed the secondary tasks while driving the simulator with the stationary vehicle controls.
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Changes in driving performance measures in this dual-task condition relative to a baseline
condition, which involves driving only, were interpreted as an indication of the amount of
distraction potential associated with the secondary tasks. In the second experiment, participants
performed secondary tasks under two occlusion conditions; one condition involved simple
occlusion and one involved the EOT. Task completion times under different conditions were
recorded and used to compute a measure of task resumability.

The first experiment evaluated two variants of the PDT and two levels of driving task demand, in
an attempt to improve the sensitivity of metrics for detecting differences in cognitive distraction.
Specifically, a head-mounted detection task (HDT) was compared with a computer-generated
multiple-target detection task (MDT) that incorporated simple targets into the simulated roadway
display at different locations. It was hypothesized that the head-mounted display task would
provide better sensitivity for detecting effects of cognitive distraction by virtue of the fact that
the target remained at a constant location relative to the driver’s eyes. It was also hypothesized
that increasing primary (driving) task demands, by increasing car-following task difficulty,
would increase metric sensitivity.

Participants performed three categories of secondary tasks, including a simple visual-manual task
(Circles), a complex visual-manual task (navigation system destination entry), and a hands-free
auditory-vocal task (N-back), for which the distraction was primarily cognitive. The
hypothesized difference between detection task conditions was not observed. To the contrary,
the target-detection (response-time) metric was sensitive to differences between levels of the
auditory-vocal task and the navigation tasks when the MDT was used but not when the HDT was
used. Moreover, the HDT was associated with an unanticipated yet significant amount of
deterioration of the eye position data; the head-mounted target apparently confused the eye
tracker concerning the position of the driver’s gaze while driving. The results also showed that
increasing the car-following task demands did not significantly increase metric sensitivity.

More generally, it was found that most metrics were sensitive to differences between task
categories; as expected, the complex visual-manual task was associated with greater driving
performance degradation than the simple visual-manual task or the auditory-vocal task.
Subjective ratings of mental workload, obtained using a single scale administered after each trial,
were not entirely consistent with these results; participants generally rated the auditory-vocal
task as more demanding than the simple visual-manual task. However, among objective
measures, the simple visual-manual task was associated with higher levels of performance
degradation for measures sensitive to visual-manual differences, while there were no differences
between these tasks for measures more sensitive to cognitive differences. Driving performance
metrics, including car following and detection task measures, were generally able to differentiate
between conditions in the audio-vocal (N-back) task and in the navigation system tasks, but not
for the Circles task, due to the relatively small difference in demand between conditions for this
task.

The second experiment compared the traditional occlusion protocol with the EOT. Because
participants have no primary task load (to simulate the demands of driving), the task-completion
time estimates using traditional occlusion do not include time during which participants continue
to work on the secondary task during occluded intervals. The EOT addresses this concern, called
blind operation, by adding an auditory tracking task, intended to simulate the demands of driving
without interfering with the visual demands of occlusion. The objectives of Experiment 2 were to
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determine the extent to which blind operation is eliminated by the EOT and to determine whether
the EOT improves the sensitivity of the derived R metric, relative to the traditional occlusion
protocol. Three navigation system tasks were used in Experiment 2, including destination entry
by address (ADD), selecting a previous destination (PD), and searching a list of cities (LS).

The EOT eliminated part of the blind operation, but not all of it. Specifically, with traditional
occlusion, approximately 23 percent of the effort required to perform the task was accomplished
during occluded intervals. With the EOT, the corresponding percentage was 11 percent. The R
metrics differed between the traditional occlusion and EOT conditions, but neither R metric
revealed differences between secondary task conditions. This led to the conclusion that task
resumability (R) does not reflect the same performance degradation revealed by the driving
performance metrics. The ADD task was associated with a significantly higher level of
(auditory) tracking error than the PD task, which is consistent with the simulator test results.
This result implies that task duration estimates obtained with the occlusion technique must be
considered together with the level of primary task degradation to provide a complete
understanding of the effects of secondary tasks.

Experiment 3 incorporated modifications to the test protocol based on the results of Experiment
1, including use of the multiple-target detection task (MDT) and the moderate (less difficult)
level of car-following task difficulty. The modified test protocol was used to assess the
distraction potential of three navigation systems with comparable functionality. Participants
performed two navigation system tasks (ADD and PD) using one OEM system and two portable
systems, which differed in their rated usability. In a separate consumer product study, the High-
Usability system was rated as easier to use than the Low-Usability system. It was hypothesized
that the OEM product, by virtue of its design to be used specifically in the driving context, would
be less potentially distracting than either of the portable systems. Based on the assumption that
usability ratings are correlated with the potential for distraction, it was also hypothesized that the
High-Usability system would be less potentially distracting than the Low-Usability system.
Metrics revealed strong and consistent differences between baseline driving and driving with a
secondary task. Three objective metrics (Car-following coherence, detection task mean response
time and the proportion of long glances) revealed differences between the ADD and PD tasks
generally; however these differences were weaker than those observed in Experiment 1,
reflecting the fact that the patterns of results for the three systems were not consistent.
Specifically, the SDLP metric exhibited a significant interaction between Systems and Tasks. As
predicted, the ADD task was more distracting than the PD task for the OEM and High-Usability
systems, but contrary to predictions, the reverse was true for the Low-Usability system. A
similar pattern was observed for the detection task proportion of correct responses. The
occurrence of complex interactions indicates that there may be subtle differences between
systems that affect the potential for distraction and that conclusions about the distraction
potential of a particular task cannot be made without considering the system on which the task
was performed. It also suggests that usability ratings may not be highly correlated with
distraction potential for some devices.

Based on the results of these experiments, we concluded that the development of a simulator-
based test to assess the distraction potential of secondary tasks performed with OEM equipment
in production vehicles or portable devices is feasible. The test can be implemented without
requiring significant setup and without damaging vehicles. The test focuses on the dynamics of
distraction and does not consider the duration of the distracting activity, which is necessary to
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fully characterize the exposure to risk associated with a distracting activity. The EOT represents
an improvement over the traditional occlusion paradigm for providing information about the time
required to perform various secondary tasks; however, task duration estimates obtained with the
traditional occlusion protocol or the EOT require a stronger connection to comparable values
obtained in a controlled driving situation.

Test results indicated that a broad range of metrics, including measures of car-following, lateral
vehicle control, target-detection, and visual performance, were consistently and robustly
sensitive to differences between categories of secondary tasks and between baseline driving and
driving while performing secondary tasks. Fewer metrics were found to be sensitive to
differences between conditions within task categories. Metrics sensitive to differences between
visual-manual task conditions included lane-position variability (SDLP), car-following delay and
detection task response time. Metrics sensitive to differences between auditory-vocal task
conditions included car-following delay, detection task response time, and detection task
proportion of correct responses.

Due to their increased sensitivity for detecting differences within task conditions, the SDLP, car-
following delay, detection task response time and proportion of correct responses are considered
core metrics for assessing distraction potential. Measures based on eye position data, primarily
the proportion of long glances away from the forward roadway, exhibited differences between
conditions within tasks, but the results were weaker and less consistent than the differences
observed for performance-based metrics.

Establishing levels of acceptable dose, particularly for cognitive distraction, remains a significant
challenge. The N-back task provided a significant dose of cognitive distraction that was
consistently disruptive to driving performance. Based on the present results, the 2-back
condition could serve as a starting point for defining a limit for acceptable “dose” of cognitive
distraction.

Xiv



1.0 INTRODUCTION

1.1 Background

The measurement of distraction has been the focus of several large-scale projects undertaken by
consortia of researchers, government agencies, and automotive manufacturers. These include the
European project HASTE (Human machine interface And the Safety of Traffic in Europe)
(Carsten & Brookhuis, 2005; Carsten et al., 2005), the Driver Workload Metrics (DWM)
Consortium of the Collision Avoidance Metrics Partnership (CAMP) (Angell et al., 2005) and
the German Advanced Driver Attention Metrics (ADAM) program (Mattes, 2003). The goal of
these projects has been to develop methodologies and guidelines for assessing the extent to
which in-vehicle information systems (IVIS) interfere with driving. The Alliance of Automobile
Manufacturers has developed guidelines based on this work. The ISO (ISO, 2004; 1SO 2007)
continues to work on developing standard procedures for measuring driver workload.

Much of this work has been directed at the original equipment manufacturers’ (OEM) need to
evaluate pre-production versions of VIS, thus allowing design modifications if necessary before
a vehicle is released. As a result, not much consideration has been given to adapting protocols or
measures to assess VIS that are already available in production vehicles. The National Highway
Traffic Safety Administration (NHTSA) anticipated the need to assess IVIS in production
vehicles to assess compliance with and/or to establish guidelines and undertook a project,
conducted by researchers at NHTSA’s Vehicle Research and Test Center (VRTC), to adapt one
or more existing protocols for this purpose. Three experiments were conducted to evaluate the
most promising metrics. Based on the results of these experiments, the combination of car
following and peripheral target detection was selected for further development and evaluation.
Following CAMP, the car-following task was implemented on the STISIM, which is a low-
fidelity (PC-based) driving simulator. Target detection was implemented using the Peripheral
Detection Task (PDT), a dashboard-mounted array of LCDs that create reflections in the
windshield in the peripheral visual field. The PDT has been used in numerous studies (e.g.,
Harms & Patten, 2003) both as a measure of workload and as a measure of object and event
detection, a component of driving behavior. The combination of car following and target
detection offers significant flexibility for fine-tuning scenario components plus a wide range of
performance measures.

Results of the initial tests of this car-following/PDT combination test venue were presented in a
recent report (Ranney, Baldwin, Vasko, & Mazzae, 2009). In addition to the specific metrics
selected for further development, two issues were identified that require additional development.
The first issue concerns the need for additional sensitivity for detecting performance degradation
due to cognitive distraction, which refers to the diversion of drivers’ attention away from driving
due to tasks that are primarily mental and have no visual-manual components. Thus, while the
metrics were generally found to be sufficiently sensitive for distinguishing between different
levels of demand associated with VIS tasks performed with visual-manual interfaces, they were
less sensitive to such differences associated with tasks that use auditory interfaces, in which the
distraction is primarily cognitive.

We identified two strategies for improving the sensitivity for detecting effects of cognitive

distraction. The first strategy involved modifying the traditional peripheral detection task (PDT)
based on emerging research results, which have suggested that newer variations can provide at
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least comparable sensitivity for detecting cognitive distraction, while at the same time providing
greater operational flexibility. Specifically, Victor and colleagues (Victor, Engstrom, &
Harbluk, 2008) have argued that a detection task consisting of a single centrally-located target or
a single head-mounted target would provide greater sensitivity than the traditional PDT, which
uses an array of targets displayed in the peripheral visual field. Accordingly, one objective of
this project was to evaluate several alternative detection tasks to determine which provides the
most sensitivity for detecting the effects of cognitive distraction. The second strategy for
increasing metric sensitivity to effects of cognitive distraction involved increasing the primary
(driving) task demands to reduce the amount of spare attentional capacity available to perform
secondary tasks. As primary task demands are increased and spare capacity is reduced, we
expect to observe primary task degradation at relatively lower levels of secondary task demand,
reflecting increased metric sensitivity. We evaluated this hypothesis in this work.

The second issue was a problem of measurement; it concerned the way in which steering inputs
are obtained from production vehicles. In the previous study, we used an overlay steering wheel,
which allowed us to obtain steering inputs without requiring that the vehicle be running (to
activate power steering). The use of the overlay steering wheel was acceptable for obtaining
steering inputs but created problems when IVIS systems required use of buttons located on the
vehicle steering wheel, which were not readily accessible due to the overlay. We developed and
evaluated two engineering solutions as part of this study. One approach involved rotating plates
connected to the vehicle’s front tires such that the tire rotation was recorded and used to measure
steering inputs. The second approach used gravity-based inclinometers attached to the steering
wheel. Both approaches appeared suitable for use in our test protocol, which requires relatively
quick installation on a wide range of vehicles.

1.2 Occlusion Technique

Measures of visual attention are emerging as strong indicators of distraction potential, reflecting
the conclusion that the crash risk increases with the amount of time a driver looks away from the
forward roadway. The occlusion technique, which involves periodic interruption (via visual
occlusion) of the performance of an IVIS task (e.g., navigation system destination entry)
(Stevens, Bygrave, Brook-Carter, & Luke, 2004), provides an estimate of the time that the driver
must look away from the roadway to perform a particular secondary task (ISO, 2007). The
periodic interruption of IVIS task performance is intended to simulate the real-world requirement
of switching vision and attention between the VIS task and driving. The Enhanced Occlusion
Technique (EOT), which combines the traditional occlusion technique with a computer-
generated auditory tracking task (Schindhelm & Gelau, 2008, 2009), was developed to address a
methodological problem with the traditional occlusion technique. Specifically, with no
processing load during the occluded intervals, the traditional technique allows participants to
continue working on the IVIS task and thus does not provide a valid simulation of the disruption
of IVIS task performance caused by the demands of driving. The resulting values of total shutter
open time (TSOT) therefore do not include all of the time required to complete the IVIS tasks.
Preliminary results using the EOT suggest that the time estimates may be more realistic estimates
of the time required to perform the IVIS tasks while driving. EOT trials also provide
information used to compute indices of task interruptability or resumability (R), which are
indicative of how amenable a task is to completion under conditions of interruption. The
addition of the EOT to our test protocol will allow us to determine whether the R values provide



comparable sensitivity relative to the car-following/PDT for discriminating among different
levels of IVIS task difficulty.

1.3 Study Overview

Three experiments were conducted in this 2009 study. The first experiment addressed the
methodological problems identified in our previous work. Specifically, two detection task
variants and two levels of driving task were evaluated. The objective was to determine whether
the methodological modifications were associated with increased sensitivity, particularly for
detecting differences in tasks in which the distraction effects were primarily cognitive. The
results of this experiment were used to make improvements to the test protocol. The second
experiment compared the traditional occlusion protocol with the EOT. The objective was to
determine whether methodological modifications incorporated in the EOT improved the
sensitivity of the occlusion metrics for differentiating among tasks with different task demands.
The third experiment applied the modified (simulator/detection task) protocol to assess the
distraction potential associated with a variety of 1VIS tasks including navigation systems in a
single production vehicle and two portable devices with comparable functionality. All three
experiments were conducted in stationary vehicles, which were not running. For Experiments 1
and 3, the vehicles were connected to the STISIM simulator; steering, brake, and throttle sensors
provided control inputs to the driving simulator. Drivers performed secondary tasks while
driving the simulator (Experiments 1 & 3). Changes in driving performance measures in this
dual-task condition relative to a baseline condition, which involved driving only, were
interpreted as an indication of the amount of distraction potential associated with the secondary
tasks. In the second experiment, participants performed secondary tasks under two occlusion
conditions, including simple occlusion and the EOT. Task completion times under different
conditions were recorded and used to compute a measure of task resumability.



20 EXPERIMENT 1

2.1 Background

The traditional PDT implementation uses a dashboard-mounted array of LCDs that create
reflections in the windshield in the peripheral visual field. According to Victor et al. (Victor,
Engstrom, & Harbluk, 2008), research using the PDT has failed to show the hypothesized effect
of target eccentricity, according to which increased workload is associated with decreased
sensitivity for detecting targets at increasing distance from the center of the visual field. This
appears to be inconsistent with the finding that increased workload is associated with
increasingly centralized gaze concentration, which has been found with measures of eye gaze
position (Recarte & Nunes, 2003; Victor, Harbluk, & Engstrom, 2005). The failure to
demonstrate an effect of target eccentricity with the original PDT led Victor and colleagues
(Victor et al., 2008) to conclude that the “peripheral” aspect of the test was not valid. This
conclusion has motivated recent demonstrations that alternative detection tasks, which involve
presenting targets via different modalities (e.g., auditory, tactile), or in different locations (e.qg.,
head-mounted) provide comparable sensitivity for detecting effects due to cognitive distraction
(Victor et al., 2008).

It is possible, however, that technical limitations of the original PDT evaluations may have been
at least partly responsible for the failure to find target eccentricity effects. Originally, the PDT
was used primarily in real-world driving, which created significant difficulties with respect to the
effect of sunlight on target brightness. In addition, the approach of using reflected targets limited
the target location to a relatively small area of the peripheral visual field. The necessary freedom
afforded to drivers to move their heads and eyes during driving also made it very difficult to
control target eccentricity. Finally, the use of the PDT in real-world settings limits the
experimenter’s ability to control the complexity and location of other information in the driver’s
visual field, much of which required processing at a higher priority than PDT targets due to its
potential safety relevance. Elimination of these problems could facilitate a more rigorous test of
the attentional narrowing hypothesis, which if valid could provide a useful metric for assessing
cognitive distraction.

One objective of the current work, therefore, is to evaluate two alternatives to the original PDT,
both of which provide greater control of the target presentation. The first alternative is a head-
mounted detection task; a single LED is attached to a headband such that the target always
appears in the periphery of the driver’s visual field. This approach, which has been developed
and used by TNO researchers, controls the target location relative to the driver’s eyes. The close
proximity of the target to the driver’s eyes serves to control the target brightness. However, the
use of a single target does not allow for evaluation of target eccentricity effects. The second
alternative addresses this issue. Specifically, we evaluated a detection task in which targets are
presented graphically on the simulator screen (Victor et al., 2008; Merat & Jamson, 2007).
Screen presentation eliminates the target location constraints associated with the original
dashboard-mounted task and allows presentation of targets at different eccentricities relative to
the point at which drivers’ attention is assumed to be focused. The assumption of a fixed point
of focus is based on the use of a car-following task in which drivers are required to maintain a
consistent following distance from a lead vehicle and the corollary assumption that doing so will
ensure that the driver’s attention is concentrated on the rear of the lead vehicle. Target locations
were defined relative to this position.



The second objective of Experiment 1 was to evaluate the hypothesis that increasing primary
(driving) task demand would increase metric sensitivity for detecting differences between
different levels of demand, particularly for tasks performed with auditory interfaces, thus
involving primarily cognitive distraction. This hypothesis is based on the assumption that when
primary task demands are relatively low, drivers retain sufficient resources to concurrently
perform a variety of secondary tasks of different loads, without any discernible effect on primary
task performance. Measures of primary task performance are not sensitive to differences in
secondary task load when these tasks can be performed within the limits of the driver’s spare
capacity. When primary demands increase, drivers must devote more resources to maintain
acceptable primary task performance, thus reducing the spare attentional capacity available for
secondary tasks with no discernible consequence. According to this conceptualization, reduced
spare capacity will lead to degradation in primary task performance at relatively lower levels of
secondary task demand, relative to the situation in which primary task demands are low and
spare capacity is greater. Several of the HASTE studies presented findings that support the
feasibility of this approach. Jamson and Merat (Jamson & Merat, 2005) manipulated primary
task demand by comparing performance on straight (easy) versus curved (difficult) driving
segments. They found improved differentiation among levels of secondary task load on
measures of primary task performance at the more difficult level of primary task demand.
Specifically, they found differences in lateral performance (increased lane position variability)
for different levels of visual-manual secondary task demand on curved road segments that were
not apparent on straight road segments. Briem and Hedman (Briem & Hedman, 1995)
manipulated primary task demand by comparing performance on firm (easy) versus slippery
(difficult) roads. They found increased sensitivity on primary task measures for detecting
differences among secondary task conditions when the primary task demands were difficult.
Specifically, they found differentiation among secondary task conditions on lane-position
deviation in the slippery road condition but not in the firm road condition. These effects were
more pronounced for secondary tasks that required physical manipulation than for those that
required only hands-free communication.

In the present study we increased driving task demand by varying the difficulty of the car-
following task. Specifically, we defined car-following difficulty in terms of the acceleration and
deceleration requirements of the lead-vehicle speed signal. Accordingly, we assumed that when
the driver was actively accelerating or decelerating, a higher level of conscious attention was
directed to the car-following task than when traveling at a constant speed. We used a complex
signal rather than a simple sinusoidal signal to increase the realism of the car-following task.
The construction of the complex signal is described in an earlier study (Ranney, Mazzae,
Baldwin, & Salaani, 2007).

2.2 Overview

The experimental objectives were addressed in an experiment in which participants performed
different categories of secondary tasks while performing the combination of car following and
target detection. Each participant performed under one of the four combinations of detection
task and driving task difficulty. The experiment was conducted in a single stationary vehicle,
which was connected to the driving simulator; steering, brake, and throttle sensors provided
control inputs to the driving simulator. The vehicle was not running. Changes in driving
performance measures in the dual-task condition relative to a baseline condition, which involves
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driving only, were interpreted as an indication of the amount of distraction potential associated
with the secondary tasks.

2.3 Experimental Design

Experiment 1 used a mixed design, including both within- and between-subject factors. The
main between-subject design factors (independent variables) were the target detection task (2
levels) and the driving task difficulty (2 levels). Each participant completed one of the four
combinations of these factors, as shown in Table 1.

Table 1. Sample Size by Experimental Conditions (Experiment 1)
Detection Task Condition
Speed Profile Head-Mounted | Multiple Targets
Moderate 10 10
Difficult 10 10

The Secondary Task condition (7 levels, including 2 levels of three tasks, plus a baseline
condition) was varied within subjects, such that each subject completed all conditions. Thus,
excluding training and practice, each participant completed seven three-minute drives. Simulator
drives consisted of close car following on a straight road with minimal other traffic present.

2.3.1 Driving Task
A car-following paradigm modeled after that used by Brookhuis and colleagues (Brookhuis,
Waard, & Mulder, 1994), was programmed into the scenario run on the STI simulator. This task
required participants to maintain a constant following distance behind a lead vehicle, which
changed speed according to a predefined complex waveform (see Figure 1). Participants were
required to follow a simulated lead vehicle’s speed changes on straight road segments. Prior to
testing, drivers were given training and feedback about the range of following distances
considered acceptable. During the experiment, participants received feedback and monetary
incentives based on their ability to maintain an acceptable following distance. An auditory
warning system was used to encourage drivers to maintain a fairly close following distance.
When drivers exceeded a pre-defined criterion, an audible tone sounded once every five seconds
until the driver returned to an acceptable following distance.

Figure 1 presents the variations of lead vehicle speed signal that were created for Experiment 1.
The “‘moderate’ signal is the signal that had been used previously. The difficult signal was
created by increasing the y-axis scaling of the moderate signal around its mean, which had the
effect of retaining the same relative frequency components while increasing the amplitude. Car-
following task difficulty was thus defined operationally as the standard deviation of acceleration
at each point on the curve.
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Figure 1. Lead Vehicle Car-Following Speed Signals — Experiment 1

2.3.2 Target Detection Tasks

Detection task variants included a computer-generated multiple target detection task (MDT) and
a head-mounted task detection task (HDT). The HDT used a single LED, which was attached to
a head-mounted apparatus shown in Figure 2. The apparatus was fabricated from a construction
helmet suspension and weighs approximately 6 ounces. Mounting the LED on the head allowed
the target to remain in the same position relative to the driver’s eye position. In the MDT, targets
(red-colored circles approximately the same size as the LED reflections in the traditional PDT)
appeared at one of 6 locations on a single horizontal line near the horizon in the driving scene
(see Figure 3). Thus, the two tasks differed in their frame of reference: the (HDT) head-
mounted target appeared in the same position relative to the driver’s head while the MDT targets
appeared at fixed locations on the screen, which is more consistent with the traditional PDT.




Figure 3. Multiple-Target Detection Task (MDT)

2.3.3 Secondary Tasks
Three categories of secondary tasks were used in the experiment, including: (1) the Circles task;
(2) the N-back task, and (3) real-world navigation system tasks involving entering a new
destination or selecting a previously-entered destination. The Circles task is a self-paced visual
search task presented on a computer screen located inside the test vehicle, in which participants
search an array of circles for a designated target. The target is a circle that is slightly larger than
the other (distractor) circles. Participants respond by moving a vertical band on the computer
screen (via button press) to the location of the target circle. The difficulty of the search task is
manipulated by varying the relative sizes of the smaller (distractor) circles and the larger (target)
circles. The difficulty of the response task can be varied by changing the size of the vertical




band, which determines the number of button presses required to align the vertical band with the
target location. Specific conditions used in this experiment are presented in Figure 4.

D115 (Distractor size: 115, Target size: 150)

D130 (Distractor size: 130, Target size: 150)
Figure 4. Circles Task Stimuli

The N-back task is an auditory working memory task that requires participants to listen to a
sequence of digits presented once every few seconds (Klatzky, et al., 2008; Reimer, 2009).
Participants were required to say aloud the digit that was presented in the N-back position. An
example is presented in Table 2. Participants responded after each digit presentation, except at
the beginning of the stream in the more difficult conditions. In the 0-back condition, participants
always repeated the digit just presented. In the 1-back condition, participants said nothing after
the first digit and subsequently responded with the digit previously presented. In the 2-back
condition, participants said nothing following the first two digits, and then responded with the
digit presented 2 positions back in the sequence.



Table 2. Example of N-back Task Conditions

Task Condition Digit Sequence
Stimulus 12345678
0-back
Response 12345678
Stimulus 12345678
1-back
Response | . 1234567
Stimulus 12345678
2-back
Response .. 123456

In this experiment, N was either 1 or 2. The 2-back task was more difficult than the 1-back task
because it required drivers to remember two digits at any point in time, while the 1-back required
the participant to remember one digit. Because there is no visual or manual component, the
interference associated with this task is primarily cognitive. This task was included in the study
to determine how sensitive our measures were to the effects of cognitive distraction.

The third task category consisted of two self-paced tasks performed using the Honda Odyssey
navigation system, including destination entry by street address (ADD) and destination entry by
selecting a previous destination (PD). The ADD task required participants to enter addresses,
which were presented one at a time on a stimulus touch screen located inside the test vehicle to
the right of the navigation system (see Figure 5). For each destination, the participant performed
the following sequence of operations: (1) select Enter destination by Address button, (2) press
Street button, (3) enter letters of street name via touch-screen keyboard until a list was
automatically generated, (4) select the street name from a list of streets, and (5) enter the street
number via keyboard. After each address was entered, the participant touched the stimulus touch
screen. This recorded the time to complete the address entry and displayed the next destination.
The PD task required participants to select destinations that had previously been entered into the
Honda Odyssey navigation system. Drivers performed this task repeatedly during each drive,
obtaining new destinations via the stimulus touch screen. They used the following sequence of
operations: (1) select Enter Destination by Previous Destination button, (2) press arrows to
scroll through list, (3) select destination from list. The ADD task was more difficult than the PD
task because address entry requires keyboard use while selecting previous destinations requires
scrolling through a list (Ranney, Baldwin, Vasko, & Mazzae, 2009). Both tasks were performed
with the navigation system’s visual-manual interface.

2.3.4 Hypotheses

Based on the foregoing, we hypothesized that tasks performed with a visual-manual interface
(Circles and navigation system tasks), which require physical manipulation of controls and visual
examination of displays, will negatively affect measures of vehicle control, including lateral
control and steering entropy more than tasks performed with hands-free auditory/vocal
interfaces.

Jamson and Merat (2005) found improvements in lateral performance (i.e., reduced lane position
variability) with cognitive secondary tasks, relative to visual-manual tasks. They hypothesized
that this “improvement” was an incidental byproduct of the increase in gaze concentration to the
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road center that occurs with an increase in cognitive load, which was demonstrated by Victor,
Harbluk and Engstrom (2005). According to this explanation, the ‘cognitive narrowing’ results
in increased focus of visual resources on the road center. The resulting increase in perception of
the roadway allowed an improvement in lane keeping performance. This improvement was
possible because among experienced drivers lane keeping requires very little conscious attention
and can be done based on peripheral inputs. Jamson and Merat (2005) hypothesized further that
if this model is accurate, there should be a cost associated with the concentrated attention with
increased cognitive load, namely a reduction in peripheral object detection. They were unable to
test this hypothesis because their experiment did not include a peripheral detection task; however
the ability to test this hypothesis is one reason to include a peripheral component to the detection
task. Accordingly, we included the MDT, which uses 6 target locations, at three different
eccentricities to test this hypothesis. The HDT eliminates variability among performance metrics
due to the changing position of the driver’s head, which alters the target detection task when
targets are presented at fixed locations in the driving scene. Accordingly, it was hypothesized
that the HDT would be more sensitive to cognitive distraction effects than the MDT, which like
the traditional PDT, does not control for the changes in the driver’s head position.

2.4 Method

2.4.1 Participants

Forty drivers (age range 25 to 50, mean 37.9 years old) participated in Experiment 1. Participants
were recruited through advertisements placed in local newspapers and screened to ensure that
they were active drivers with a valid driver’s license and a minimum of 7,000 miles driven per
year. All participants reported having experience using a wireless phone while driving. Wireless
phone use was considered to be a surrogate for multi-tasking; we expected drivers who were
experienced phone users to be more representative of drivers who would chose to perform
various secondary tasks while driving. Fifty-seven percent of the participants reported some
previous experience with a navigation system. Data for Experiment 1 were collected between
March and May of 20009.

2.4.2 Laboratory
Experiment 1 was conducted in 2009 in the TRC Data Collection Annex, located in a light
industrial/commercial development in Plain City, Ohio. The leased space consisted of a 25 ft x
40 ft commercial garage with a high ceiling and no windows. The garage was connected by a
hallway to a pair of offices, a restroom and the participant entrance. The front office was used to
interview participants.

2.4.3 Apparatus
Components of the fixed-base simulator included a production test vehicle (2007 Honda Odyssey
Touring), an Intel Pentium 4 computer, a ceiling-mounted digital projector (1024 x 768)
positioned on top of the vehicle, and a forward projection screen (10 ft x 8 ft), which was located
approximately 12 feet in front of the driver’s seated position. A touch screen was installed inside
the vehicle and was connected to a separate computer, which was used to generate stimuli for
secondary tasks (see Figure 5).
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Figure 5. Odyssey Interior and Touch Screen Showing Secondary Task Stimulus

Sensors that recorded steering, accelerator and brake inputs were attached temporarily to the test
vehicle. Specifically, a bracket (see Figure 6) was developed to couple the front tire of the test
vehicle to a turn plate on the ground while the vehicle tires were off the ground (vehicle
supported by 5 jack stands) (see Figure 7). This allowed drivers to sit inside the Odyssey while
operating the driving simulator. The bracket and turn plate assembly mounted to the front tire
provided steering inputs to the driving simulator when the participant moved the steering wheel,
allowing the simulator to run without the vehicle being turned on.

Figure 6. Apparatus for Recording Steering Wheel Movement
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Figure 7. Steering Apparatus Installed on Front Tire

The Subject Vehicle (SV) MicroDAS data acquisition system (Barickman & Goodman, 1999)
for Experiment 1 was configured to collect hand wheel position, brake and throttle inputs, and
participant responses to the MDT and HDT. In addition, the STISIM simulation computer
collected data for its respective performance measures. The primary data channels for
Experiment 1 are displayed in Table 3.

Table 3. Subject Vehicle Data Collection Channels for Experiments 1 and 3

Data Channel Description Units Resolution

Vehicle Speed STISIM km/h 1 km/h

Range Distance to the LV, STISIM m 5m
Relative velocity between the SV and the LV,

Range-Rate STISIM m/s dmls

. Lateral position of the SV in reference to the

Lateral Position simulated lanes, STISIM em 2 cm

Hand Wheel Position Angular position of the steering wheel (0 degrees = deg 1 deg
straight)

UTC Time Time of day HH:MM:SS 1s

Event Task DT button press response OQorl 1/30™ s

The simulator plus secondary task setup is shown in Figure 8.
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Figure 8. Simulator with Secondary Task

A Seeing Machines FaceLAB eye tracking system was used to record the driver’s head pose and
gaze. Head pose uses three parameters to define position and three parameters to define
orientation. FaceLAB outputs gaze rays for each eye. Each ray has an origin at the center of the
respective eye and vectors pointing toward the object being looked at. Gaze is represented as
pitch and yaw angles. The pitch and yaw angles are transformed into a direction vector. Dual
gaze is converted into a single gaze vector. The system used two stereo cameras mounted on the
dashboard and was relatively unobtrusive. To assist the system in tracking facial features,
participants applied five latex target stickers to their faces during system calibration.

2.4.4 Procedure

Each participant completed one session, lasting approximately four hours. Upon arrival, the
participant was asked to read and sign the Participant Information Summary (See Appendix C),
thereby giving informed consent to participate in the study. No individuals declined to
participate.

The participant was escorted to the experimental vehicle and given an overview of the vehicle
controls and displays, including adjusting the seat and steering wheel. This was followed by an
explanation of the monetary performance incentive system (see section 2.4.5 ) and the Rating
Scale Mental Effort (RSME) (See Appendix D). The participant was then asked to affix the
latex stickers to his or her face for eye tracker calibration. During this procedure, the
experimenter instructed the participant concerning head position and point of gaze. Eye tracker
calibration was completed.

Next, the participant was given instructions and practice for the driving task components,

including the MDT or HDT (the between-subjects factor). The participant was then given an
opportunity to ask questions about any aspect of the protocol.
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Training on the secondary tasks began following a break. To simplify the process, participants
were first trained on the two difficulty levels of one type of secondary task. Once trained, they
completed the two practice trials and then the two main test trials associated with that particular
secondary task before moving on to the next secondary task type to repeat the training process.

Experiment 1 consisted of 7 main driving trials (2 for each of 3 secondary task types plus one
baseline trial), and approximately 10 practice drives. Each main trial lasted approximately three
minutes. After each trial, the experimenter asked the participant to complete the RSME and
provided performance feedback. The experimenter then described the next trial and secondary
task. The participant was offered a break after each block of secondary task types. The
experimenters were at a control station behind the vehicle during data collection.
Communication with the participant was accomplished via two-way radio.

At the completion of data collection, the participant exited the vehicle and completed a simulator
sickness questionnaire (Appendix E: Simulator Sickness Questionnaire) to determine if rest was
required before being allowed to drive home. The experimenter paid the participant a total of
two amounts: (1) Base pay for participation, and (2) Performance incentive pay. The
experimenter answered any questions and returned the participant to his or her personal vehicle.

2.4.5 Monetary Incentives
Participants were given a base pay of $26 per hour, plus monetary incentives to motivate
acceptable performance. Monetary rewards were awarded based on experimenter ratings as
shown in Table 4. Incentive amounts were defined to establish priorities among the three task
components. For example, to emphasize driving as the highest priority, the car-following task
was associated with the highest monetary values.

Table 4. Experiment 1 Incentive Amounts per Trial
Performance
Task Priority | Good Acceptable | Poor
Car Following 1 $1.80 $0.90 $0.0
Secondary Task 2 $1.40 $0.70 $0.0
HDT/MDT 3 $0.80 $0.40 $0.0
Total $4.00 $2.00 $0.0

During each session, participants in Experiment 1 completed 7 main trials. On each of the 7
trials, the participant had the opportunity to earn $4.00. Thus, for good performance, each
participant could earn an additional $28.00.

2.4.6 Data Reduction
Data from the STISIM trials were reduced to compute the following driving performance
measures:

Coherence (Cohere (Freq) or Cohere (CC)). Coherence is a measure of squared correlation,
which reflects the degree to which the following vehicle is able to match the periodicity of the
lead vehicle speed signal. Coherence is used both as a measure of car-following performance
and as a test of whether the associated measure of phase shift (car-following delay) is
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interpretable. The calculation of coherence requires a car-following paradigm in which the lead
vehicle speed changes can be represented as a combination of sine waves. A detailed discussion
of the computation of coherence is presented in Ranney et al. (2007). In this study, we explored
an alternate computation approach, based on cross correlation instead of frequency analysis.
Accordingly, we have two measures of coherence, which are designated as Cohere (Freq) and
Cohere (CC). Details of the analyses based on cross correlation are presented in Appendix B.

Phase Shift (Delay (Freq) or Delay (CC)). This measure represents the response lag in car
following. Its interpretation is similar to that of discrete response time measures in that longer
delay values reflect poorer performance than shorter values. When coherence is relatively high
(e.g., > 0.80), the driver is adequately following the lead vehicle’s speed changes, which implies
that the associated measures are meaningful. When coherence values are low, the estimates of
phase shift (delay) are considered suspect. We therefore included phase shift values in our
analysis only for trials for which coherence was greater than 0.8. Less than 5 percent of the data
were eliminated due to this problem. We also explored an alternate computational approach,
based on cross correlation instead of frequency analysis (see Appendix B). Thus, we present two
measures of delay, designated as Delay (Freq) and Delay (CC).

Mean Headway (M Hdwy). While driving, participants were instructed to maintain a constant
following distance (headway) during all trials. Our previous work (Ranney et al., 2005), as well
as that of Brookhuis (Brookhuis, De Vries, & De Waard, 1991), has shown that drivers have
considerable difficulty maintaining a prescribed following distance. Thus, despite instructions,
some drivers increased their following distances while performing secondary tasks. This
measure has been interpreted as reflecting compensation for increased demands during
secondary task performance, relative to baseline driving.

Standard Deviation of Headway (Std Hdwy). Drivers attempted to maintain a consistent
following distance. This measure characterizes their success in doing so.

Standard Deviation of Lane Position (SDLP). This measure reflects the variability of lateral
position over the entire data collection interval. It has been widely used as a measure of driving
performance and has been shown to be sensitive to impairment due to fatigue, alcohol, drugs and
distraction.

Steering Entropy (Steer Entropy). Developed by Boer (Boer, 2000), steering entropy measures
the error in steering angle associated with loaded conditions (secondary task present) relative to a
designated baseline run. The measure is based on autocorrelation and represents the frequency
and extent of high-frequency corrections following periods when the driver’s visual attention is
diverted from the roadway.

MDT and HDT Mean Response Time (DT MRT). Drivers responded to approximately 20
targets during each driving trial. Responses recorded between 0.2 and 2.0 seconds following the
target activation were considered correct responses. Mean response time is computed for the
correctly detected targets on each trial.

MDT and HDT Proportion Correct (DT P Corr). This measure represents the proportion of DT
targets detected correctly on a given trial.
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Percentage of Time Viewing Road Center (PRC). Using the eye position measures provided by
FaceLAB, we defined a road center area for each subject. Details of this computational
procedure are presented in Appendix A (Appendix A: Analysis of FaceLAB Data). We used
this area to classify all samples of eye position obtained during each trial that reached our quality
criterion. The result was a measure of the proportion of driving time that the participant was
focused on the road ahead for each trial.

Proportion of Long Glances (P Long Glance). The duration of each glance away from the road
center was computed for each trial. We computed the proportion of glances away from center
that exceeded 1.5 seconds.

2.4.7 Other Measures
We used the Rating Scale Mental Effort (RSME) workload rating scale (see Appendix D) to
measure the participants’ ratings of the subjective difficulty associated with each combination of
primary and secondary task.

2.5 Results

We used Proc Mixed of SAS (Version 9.1.3) to compute an analysis of variance (ANOVA) for
each dependent measure. The statistical model included the two between-subject factors
(Detection Task and Driving Task Difficulty), each with two levels, and Secondary Task, which
had the following seven levels:

Baseline — No secondary task

Circles 115/150 — Easy visual discrimination

Circles 130/150 — Difficult visual discrimination
Auditory 1-back

Auditory 2-back

Navigation system destination entry by address (ADD)
Navigation system select previous destination (PD)

NogakowdnpE

Each secondary task had two levels, which differed in difficulty. The initial focus of the analysis
was to determine which metrics had sufficient sensitivity to detect differences between the
respective conditions for each secondary task. We therefore identified the following planned
comparisons:

1. Auditory (cognitive): 1-back vs. 2-back

2. Circles: 115/150 vs. 130/150

3. Navigation: Manual destination entry vs. Select previous destination

Separate F tests were computed for each planned comparison for each performance measure.
Probability values were adjusted for familywise error by using Hochberg’s step-up method
(Westfall, Tobias, Rom, Wolfinger, & Hochberg, 2003). Adjusted p values of less than .05 were
considered to be statistically significant. Adjusted p values between .05 and .10 were considered
marginal and discussed where applicable. A summary of the results of the planned comparisons
with adjusted p values is presented in Table 5 and Table 6.
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Table 5. Summary of Planned Comparisons Results from Experiment 1 (Driving
Performance Measures)

Task Comparison Delay | Delay | Cohere | Cohere | M Std SDLP | Steer
(Freq) | (CC) (Freq) (CC) Hdwy | Hdwy Entropy

N-back 1vs. 2-back | .0081* | .0046* | (.48) .0042* | (.11) .0007* | (.37) (.95)
Circle 115 vs. 130 (.64) (.55) (.48) (.60) (.75) | (.35) (.64) (.95)
Navigation | ADDvs. PD | .0124* | .0272* | (.28) .0042* | (111) | (.22) .0026* | (.14)

* Statistically significant difference (p < .05)

+ Marginally significant (.05 < p <.10)

Parentheses denote differences that were not statistically significant

Table 6. Summary of Planned Comparisons from Experiment 1 (Visual Performance &

Subjective Workload Measures)

Task Comparison DT MRT | DT P Corr | PRC P Long Glance | RSME
N-back 1 vs. 2-back .0023* .0067* (.66) (.71) <.0001*
Circle 115vs. 130 (.51) (.89) (.76) (.40) (.11)
Navigation ADD vs. PD .0070* (.56) (.76) (.71) <.0001*

* Statistically significant difference (p <.05)
+ Marginally significant (.05 < p <.10)
Parentheses denote differences that were not statistically significant

A second set of analyses was done to assess metric sensitivity for detecting differences between
secondary tasks. For these analyses, data from the respective task conditions of the same task
were combined to create a single mean for each task. The results of the planned comparisons
with adjusted p values are presented in Table 7 and Table 8.

Table 7. Summary of Task Group Comparisons Results from Experiment 1 (Driving
Performance Measures)

| e o™ | iy | oy [s0tp [
Baseline vs. N-back <.0001* | <.0001* | <.0001* | <.0001* | .0072* | <.0001* | (.63) 0649+
Baseline vs. Circles .0003* | <.0001* | <.0001* | <.0001* | .0072* | <.0001* | <.0001* | <.0001*
Baseline vs. Navigation | <.0001* | <.0001* | <.0001* | <.0001* | <.0001* | <.0001* | <.0001* | <.0001*
N-back vs. Circles (.46) (.50) (.68) (.38) (.87) (12) | <.0001* | <.0001*
N-back vs. Navigation | <.0001* | <.0001* | <.0001* | <.0001* | .0009* | <.0001* | <.0001* | <.0001*
Circles vs. Navigation | <.0001* | <.0001* | <.0001* | <.0001* | .0014* | <.0001* | .0002* .0055*%

* Statistically significant difference (p < .05)
+ Marginally significant (.05 < p <.10)
Parentheses denote differences that were not statistically significant
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Table 8. Summary of Task Group Comparisons (Visual Performance & Subjective

Workload Measures)

P Long

Comparison DT MRT | DT P Corr | PRC Glance RSME
Baseline vs. N-back <.0001* .0086* .0042* (.56) <.0001*
Baseline vs. Circles <.0001* (.12) <.0001* <.0001* <.0001*
Baseline vs. Navigation <.0001* <.0001* <.0001* <.0001* <.0001*
N-back vs. Circles (.52) (11) <.0001* <.0001* <.0001*
N-back vs. Navigation <.0001* <.0001* <.0001* <.0001* (.25)
Circles vs. Navigation <.0001* <.0001* <.0001* .0134* <.0001*

* Statistically significant difference (p <.05)
+ Marginally significant (.05 < p <.10)
Parentheses denote differences that were not statistically significant

Metric means for secondary task categories are presented in Figure 9.
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Figure 9. Between Secondary Task Category Means (x Standard error) — Experiment 1

2.6 Sensitivity of Metrics to Differences between Task Conditions

The results of the planned comparisons for within-task differences revealed significant
sensitivity for the differences in the N-back (cognitive) task and the Navigation tasks, but no
sensitivity for the differences in the Circles (visual-manual) task. Of particular interest with
respect to the question of metric sensitivity for distraction effects that are primarily cognitive,
was the finding that seven metrics were sensitive to differences between conditions in the N-back
task. These metrics included both measures of detection task performance (DT MRT and DT P
Corr), four measures of car-following performance (Delay (Freq), Delay (CC), Cohere (CC), and
Std Hdwy), plus RSME, the subjective workload ratings. The M Hdway, SDLP, and Steer
Entropy metrics were not sensitive to these differences. SDLP, which characterizes lateral
position control, was, however, sensitive to the differences between Navigation tasks.

None of the metrics was sensitive to the differences between the Circles task conditions. This
was true also for RSME, which indicated no differences in subjective workload. This pattern of
results clearly reflects the fact that the conditions selected for the Circles task were too similar
for any of the metrics. The differences between conditions in the present study (A= 15) were less
than one third those used in a previous study (A= 50), in which we found consistent differences
between conditions for most metrics. The limits of the metrics’ sensitivity lie somewhere
between these two values.

2.7 Sensitivity of Metrics to Differences between Secondary Tasks

The second set of analyses was intended to examine the sensitivity of the metrics for differences
between task categories. Thus the question was whether the metrics could detect differences
between Baseline measures and those associated with the different secondary tasks. As shown in
Table 7 and Table 8, most metrics were sensitive to differences between the different task
categories. The exception appeared to be the finding that the N-back task was in the aggregate
not different from the Circles Task among measures of car-following performance and target
detection. Table 9 summarizes the differences between the N-back and Circles tasks for the
metrics that exhibited significant differences.
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Table 9. Mean Values for Metrics with Significant Differences between N-back and
Circles Tasks

Metric N-back Circles Interpretation

SDLP .59 .90 Circles more disruptive to lateral control
Steer Entropy .54 .61 Circles more steering error

PRC .86 .54 Circles more Eyes off road time (EORT)
P Long Glance 1.82 11.34 Circles more long glances away

RSME 7.50 6.40 N-back more demanding subjectively

These results indicate that the Circles task degraded lateral control and steering performance
more than the N-back. This difference was undoubtedly associated with the decrease in time
spent looking straight ahead while performing the Circles task, including a large difference in the
average number of long glances away from the forward view. Despite these performance
differences, the participants rated the N-back task as demanding more mental effort, overall, as
reflected in the RSME differences.

2.8 Methodological Factors Hypothesized to Affect Metric Sensitivity

The experimental design included two methodological factors, detection task and car-following
speed profile, which were varied between subjects. Two detection tasks were used; half of the
participants had a head-mounted detection task (HDT) while the other half had a computer
generated on-screen detection task involving multiple targets (MDT). Analyses focused on the
effects of these factors included the two between-subject factors in the statistical model. Of
primary interest were the main effects of these factors and their interactions with Secondary
Task. Effects of detection task are considered first.

Analyses of all metrics included main effects of detection task plus the Secondary Task x
Detection Task interaction effect. This interaction effect is of particular interest because its
significance could denote an improvement in metric sensitivity associated with one of the
detection tasks. Two metrics (DT MRT and Long Glance Frequency) were had significant
interactions between Secondary task condition and Detection task. These interactions are
explored in detail.

Detection Task Mean Response Time (DT MRT). HDT response times were generally faster
than the corresponding MDT response times. This was reflected in a significant main effect of
Detection Task, F (1,37.5) = 11.12, p = .0019. The interaction effect between Detection Task
and Secondary Task Conditions was also significant, F (6,216) = 2.92, p =.0092. Post hoc
comparisons were performed to determine whether one of the detection tasks was more sensitive
to the hypothesized differences between task conditions. These comparisons are shown in the
following table (Table 10), which is separated into three paired comparisons between the two
detection tasks.
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Table 10. Post Hoc Comparisons of Detection Task by Secondary Task Interaction Effect

Secondary Task Comparison Detection Task Adjusted P > |t|
Auditory/Cognitive 1-Back vs. 2-Back HDT 0.2484
Auditory/Cognitive 1-Back vs. 2-Back MDT 0.0190*

Circles (Visual-Manual) 115/150 vs. 130/150 HDT 0.7441

Circles (Visual-Manual) 115/150 vs. 130/150 MDT 0.8439
Navigation Tasks ADD vs. PD HDT 0.8439
Navigation Tasks ADD vs. PD MDT 0.0070*

*Statistically significant difference (p <.05)

The means for each of the three comparisons are presented in the Figure 10. The results show
that the two detection tasks differed in their sensitivity to detect differences in two of the three
secondary task comparisons. The metric, DT MRT, was sensitive to differences between the
levels of the auditory/cognitive task and the navigation tasks when the MDT was used but not
when the HDT version was used.

Mean RThby Detection Task and Secondary Task Mean RT by Detection Task and Secondary Task
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Figure 10. Detection Task Comparisons (x Standard error) — Experiment 1

23



Long Glance Frequency. The Detection Task x Secondary Task interaction was statistically
significant for this metric, F (6,216) = 2.92, p = .0092. Examination of the specific comparisons
delineated above, however, revealed no differences, which led to the conclusion that this
interaction was not interpretable in the context of this question. Thus, there is no evidence
suggesting that one detection task is more sensitive than the other with respect to the frequency
of long glances. This is an indication that the head-mounted detection task did not influence
glance behavior.

Driving task difficulty was the second between-subject factor. The experimental design included
two speed profiles in the car-following task, referred to as Moderate and Difficult. Analysis
results were generally consistent in showing no significant differences between the two difficulty
conditions. The Speed Profile x Secondary Task interactions were examined to determine
whether increasing the car-following task difficulty affected the metrics’ sensitivity for detecting
the hypothesized differences between secondary task conditions. One metric (Cohere (Freq))
revealed a significant interaction between the speed profile (car-following task difficulty) and
secondary task condition. The interpretation is presented below.

Cohere (Freq). The Speed Profile (car-following task difficulty) x Secondary Task condition
interaction was significant for this metric, F (6,223) = 2.19, p =.0445. Examination of the post
hoc comparisons revealed no interpretable differences (see Table 11), which led to the
conclusion that this interaction did not support the hypothesis that increasing the car-following
task difficulty increases metric sensitivity.

Table 11. Post Hoc Comparisons of Speed Profile by Secondary Task Interaction Effect
Secondary Task Comparison Speed Profile Adjusted P > ||
Auditory/Cognitive 1-Back vs. 2-Back Moderate 0.53
Auditory/Cognitive 1-Back vs. 2-Back Difficult 0.53
Circles (Visual-Manual) 115/150 vs. 130/150 Moderate 0.16
Circles (Visual-Manual) 115/150 vs. 130/150 Difficult 0.41
Navigation Tasks ADD vs. PD Moderate 0.41
Navigation Tasks ADD vs. PD Difficult 0.41
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3.0 EXPERIMENT 2

3.1 Background

Metrics derived from the simulator-based test used in Experiment 1 represent estimates of the
expected level of driving performance degradation associated with secondary tasks at any point
during their performance. These estimates can be combined with task duration estimates to
characterize the total exposure to risk associated with a given task. Occlusion is a simple
technique to estimate the total amount of eyes-off-road-time (EORT), which is used to estimate
task completion time. The traditional occlusion technique involves periodic interruption (via
visual occlusion) of the performance of a secondary task (e.g., navigation system destination
entry) (Stevens, Bygrave, Brook-Carter, & Luke, 2004). The interruption is intended to simulate
the real-world requirement of switching vision and attention between the secondary task and
driving. Occlusion is accomplished with computer-controlled PLATO (Portable Liquid crystal
Apparatus for Tachistoscopic Occlusion) goggles, which are a spectacle-mounted shuttering
device with portable liquid-crystal apparatus. The lenses in these spectacles can be rapidly (e.g.,
1-5 ms) and independently switched from a light-scattering, occluding state to a transparent state,
in which up to 90 percent of incident light is transmitted.

The Enhanced Occlusion Technique (EOT) combines the traditional occlusion technique with a
computer-generated auditory tracking task (Schindhelm & Gelau, 2008). The EOT was
developed to address a methodological problem w